.
The influence of the combination of an energy source, phosphate, and heat on spore germination has not been reported for temperatures of 110 C. Previous studies in our laboratory indicated that 0.0083 M phosphate buffer had a suppressing effect on spore germination when the spores of Bacillus stearothe-mophilus were heated, at 110 C, at the maximal activation time in distilled water . Other research indicated that heating spores of B. stearothermophilus in carbohydrate solutions alone might produce inhibition or stimulation at 110 C (Fields and Finley, Food Technol., in press; unpublished data). Our particular interest in this research was to determine whether the inhibitory effect of phosphate on spore germination could be decreased by the presence of carbohydrates in the heating menstruum. Therefore, experiments were designed to determine whether the inhibitory effect of phosphate could be influenced by increased carbohydrate concentration, and to measure the influence of selected monosaccharides, disaccharides, and polysaccharides in phosphate buffer on heat-activation responses.
1 Contribution from the Missouri Agricultural Experiment Station; journal series no. 2601 as approved by the Director.
MATERIALS AND 'METHODS Spore suspensions. The growing, cleaning, washing, and general preparation of spores used in this study have been reported previously . Two strains, with two suspensions of each strain, were used in this study. Strain NCA (National Canners Association) 1518 is especially important to the food microbiologist, who uses it in studies involving canned foods. Strain -M was isolated from spoiled cream-style corn and identified in our laboratory.
Preparation of buffer and carbohydrates. Sorensen's phosphate buffer (pH 7.1), having a molarity of 0.0083, was prepared and sterilized in 9-ml quantities for controls. The monosaccharide and disaccharide were dissolved in 0.0083 M phosphate buffer to give sugar solutions with molarities of 0.001, 0.01, and 0.1. The polysaccharides dextrin and starch were also prepared at 0.02, 0.2, and 2.0 % concentrations in phosphate buffer. All carbohydrate solutions were prepared in 9-ml quantities.
Heat activation. The heat treatments (time-temperature conditions) used in these experiments were based upon previously reported timetemperature conditions for these strains and suspensions in distilled water. Spores of strains NCA 1518 and -I were heated at 110 C for 7 and 9 min, respectively. Diluted suspensions were calculated to yield nonheated spore counts of 50 to 70, yet allow for a threefold heatactivation increase without subsequent dilutions being necessary. This was achieved by using spore suspensions of approximately 500 to 750; these were added to 9-ml quantities of the heating menstrua.
Enumeration of spores. Enumeration of the viable spores was performed by plating 1-ml quantities of the suspending menstrua with Dextrose Tryptone Agar (Difco). Triplicate plates were poured for each treatment, and all plates were incubated at 52 C for 48 hr.
Analysis of data. Originally, it was our intention to use suspensions as duplicates, but bacteriological analysis of these suspensions Fields, 1963) indicated that there was too much variation among suspensions, owing to the presence of rough and smooth variants. Fields (1963) showed that these variants influenced spore counts after being heated at 110 C for various times. M fructose was significantly higher than that of the phosphate buffer control. All other plate count means were not significantly different.
The plate counts of spores of strain IVI suspension 2 were significantly lowered at all levels of glucose. The same was true of the spores of this suspension when suspended in fructose at all levels.
Effect of disaccharides in phosphate buffer on spore germination. The effects of disaccharides in phosphate buffer on spore germination of strain NCA 1518 are given in Table  3 . Responses to heat of spores in suspension 1, when compared with the phosphate buffer control, were not significant with 0.001 or 0.01 M sucrose. At 0.1 M sucrose, the t To be significant at the 5% level, the difference between means must be greater than the 1) value. indicated that spores in suspension 1 could be activated 85 % over the unheated spore counts after a heat treatment for 7 to 10 min, whereas suspension 2 was activated only 20 % more than the unheated control. This lower activation was attributed to a greater heat-induced dormancy in spores of suspension 2. Also, it was shown that suspension 2 contained a higher percentage of the rough variant, which was more heatsensitive than the smooth (Fields, 1963) . The factors of variation in the degree of dormancy and variation in heat- FIELDS AND FINLEY activation response due to variants must be considered in explaining the data on these two suspensions and the suspensions of strain MI. Previously, Finley and Fields (1962) showed that there was a direct relationship between the magnitude of heat activation and the magnitude of phosphate inhibition. This was illustrated by the fact that the more pronounced inhibition occurred in strain M spores, which were heatactivated to a much higher degree than were the NCA 1518 strain spores (NCA 1518 suspension 1 was inhibited 25.1 %; NCA 1518 suspension 2, 42.4 %; M suspension 1, 54.2 %; and M suspension 2, 58.0 %).
In experiments reported herein, all comparisons are based on the phosphate buffer control (0.0083 M, pH 7.1). As previously stated, this buffer had a significant suppressing effect on the number of spores which would germinate. Although the same spores used here were used in another study, in which the effects of these same carbohydrates were tested in distilled water (with no phosphate present), the results are not comparable (Fields and Finley, in press).
In regard to both suspensions of strain NCA 1518, the fact that there was a greater percentage of the rough variant in suspension 2 accounted for the fact that, when significant spore counts were observed, they were lower (Fields, 1963) . This fact suggested that the roughvariant fraction of the spore population was being "killed" or "inactivated" and that this was responsible for the lower counts. Even though some spores in suspension 2 were in deeper dormancy, the heat treatment was not vigorous enough to cause these spores to germinate and counterbalance the effect of the decreased counts. Since suspension 1 contained a high percentage of smooth variants (Fields, 1963) Knaysi (1961) have shown that small quantities of glucose and phosphate stimulated the germination of B. subtilis spores. The concentrations they used were in the same range as those used in this study. They did not, however, heat-shock at the temperatures used in this study.
In the comparisons in which significant increased counts were observed, two of the same carbohydrates were involved. These were fructose and sucrose. Dextrin and starch were also responsible for increased counts with suspension 1 spores of NCA 1518, whereas glucose was involved with suspension 1 of M strain. Since no definite pattern as to type of sugar was observed, the increased counts would appear to be due to osmotic effects. The data in this study suggest that the term "osmosensitivity," as used by Bretz and Hartsell (1959) , applies to spores as well as to vegetative cells. Further studies on osmotic pressure are indicated.
